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Abstract - Lately, with the increase of service standard in 
wireless communication systems, problem of spectrum 
shortage has appeared. In order to overcome this problem, 
it is necessary to use the existing frequency spectrum in the 
most efficient way. Cognitive radio systems are the 
emerging technologies to solve these problems. The first step 
in cognitive radio systems is the detection of the full / empty 
state of the current spectrum. Blind methods for this 
detection are highly preferred in terms of ease of 
implementation and computational cost. In this study, 
performance analyzes of Rayleigh, nakagami-m, nakagami-
n and nakagami-q  fading communication channels of blind 
spectrum detection methods are performed. A MIMO-OFDM 
based communication system was used in the study. 
Simulations were performed in MATLAB environment.  
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1.INTRODUCTION 
 
The frequency spectrum required for wireless 
communication systems is inherently limited and highly 
valuable. In many countries, the available spectrum is 
almost entirely allocated and the problem of spectrum 
shortage has arisen [1,2]. The main factor that causes 
spectrum scarcity is inefficient use of the spectrum due to 
static and inflexible assignment. In the current wireless 
networks, the fixed spectrum access (FSA) policy is 
followed to support many different applications and 
services in a way that does not interfere with each other. 
This principle divides the current radio spectrum into 
frequency bands dedicated to different services such as 
mobile, fixed services, satellite services, radio and 
television broadcasts. A certain bandwidth has been 
allocated for each service and has been allocated for a long 
time to license holders. Thus, while only licensed users can 
use the assigned band, they are not allowed to use the 
band by other users, even if the band is empty [3,4]. 
 
With the new generation of technologies, while there are 
frequency bands in certain spectrum bands, the rate of use 
in most of the spectrum is very low. For this reason, 
spectrum efficiency is low. Thus, the efficient use of the 

frequency spectrum, which is a limited source, has become 
even more important. Along with the predicted increase in 
data amount per user and average data rate, especially 
between 2020 and 2040, the most fundamental problem 
that next generation wireless technologies will encounter 
is to find a free frequency band that can meet this 
projected demand [1,2,5,6]. Dynamic spectrum access 
techniques have been developed to provide this probing 
solution, facilitate access to the spectrum, exploit more 
users and achieve the maximum possible throughput. 
Cognitive radio (Cognitive Radio, BR), which allows these 
techniques, is emerging as one of the most promising and 
most prominent next generation wireless technologies, 
because it can increase productivity and increase the 
number of users and service demands with a solution to 
spectrum inadequacy [3,4] . 
 
Cognitive radio is defined as an intelligent wireless 
communication system capable of dynamically changing 
transmitter parameters (such as frequency band, 
transmitting power, modulation type) in order to prevent 
interference and improve transmission speed, which is 
aware of the radio environment and depends on its 
interaction with the environment. The concept of cognitive 
radio was first proposed by Joseph Mitola and Gerald Q. 
Maguire in 1999, and as a result, the IEEE 802.22 standard 
has been developed targeting the use of cognitive radios in 
Wireless Regional Area Networks (WRAN)[[1-4]. 
 
The basic functions of the cognitive radios are spectrum 
sensing, spectrum management (spectrum decision), 
spectrum sharing and spectrum mobility. In this study, 
one of the most important functions of cognitive radios, 
the methods used for spectrum sensing, has been 
investigated under different communication channels. The 
purpose of spectral censoring is to detect the mobility of 
the licensed users and the state of the spectrum by 
perceiving the spectrum periodically. Many different 
methods have been proposed in the literature such as 
energy detection, filter equalization, such as cyclic 
stationary feature detection detection, eigenvalue 
detection for spectral detection. Some of the eigenvalue 
based methods and some of them are defined as blind 
sensing. 
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 That is, they do not require prior knowledge of the 
signals. Each of these methods has certain requirements, 
advantages and disadvantages. Energy sensing is one of 
the most common spectrum sensing methods because it 
requires no knowledge of the primary user signal in 
addition to its low mathematical and hardware complexity 
[5,6]. However, it is a weakness of this method that the 
difficulty in determining the threshold value (the noise 
variance is not known correctly), the ability to distinguish 
interference from the primary user from the primary user 
while using the secondary user band, and the reduction in 
signal to noise ratio (SNR) values. Various feature 
detectors (such as cyclic stationary feature detection) have 
been proposed to improve the detection performance by 
using known features of the signals to be detected and to 
prevent the problem that the noise variance is not known 
correctly due to the loss of performance in case of noise 
uncertainty in the energy detection method [7]. Among the 
methods used in spectral censoring, the blind-eigenvalue 
based detection method [8-12] is predominant because it 
requires no information about noise variance and source 
signal. Due to multi-path damping and shadowing effects, 
the problem of performance drop in spectral estimation 
methods is significantly reduced by the use of multiple 
antennas in the cognitive radio receiver. 
 
Different methods have been proposed for blind-
eigenvalue detection in the literature. Detectors that 
process based on the maximum-minimum eigenvalue ratio 
(MME), the maximum eigenvalue-to trace (MET) ratio, and 
the maximum eigenvalue-eigenvalue sum ratio are the 
most commonly used for eigenvalue detection [11,12]. 
 
The aim of this study is to obtain performance analyzes of 
some blind-eigenvalue based detection methods in the 
literature with different fading communication channels. 
 
In this work, it specifies the matrices of the bold lowercase 
(x) letters, and the normal lowercase (x) letters indicate 
the vectors. (x '), the variable specifies the transpose. 
 
 

2. BLIND EIGENVALUE BASED SENSING AND 
WIRELESS COMMUNICATION CHANNEL 
 
The main purpose in spectrum sensing is to detect the 
presence of a primary user signal in only a specific region 
of the frequency spectrum. For multi-antenna systems, the 
following scenario can generally be used for spectrum 
detection. Where the secondary users may be randomly 
distributed. The prominent point is that they are within 
the coverage area of the primary user of the secondary 
user. The redundant number of antennas in the secondary 
users increases the detection performance. but increasing 
the number of antennas can be difficult in practice. 
 

 
Fig-1: Proposed scenario for eigenvalue based spectrum 

sensing 
 
Secondary users equipped with multiple antennas should 
determine that the spectrum is full / empty. When the 
spectrum is empty, they use the relevant spectrum to 
communicate among themselves. However, when the 
primary user becomes active, they must immediately 
release the relevant spectrum. Where h1, h2 hp represent 
the channel coefficient vector from the primary user to the 
secondary user [13]. Detection problem is mathematically 
defined as follows. 
 

                                                (1) 
 

                                               (2) 
 
Where, x represents the matrix of the secondary user's 
signal through the multiple antennas, s is the gaussian and 
zero mean primary user signal, and n is the gaussian noise. 
Therefore, in case the primary user is inactive, the matrix x 
only consists of noise. However, in the case of H1, the 
matrix x recognizes both the primary user mark and the 
noise signals mixture. Thus the eigenvalue distributions of 
the covariance matrix of the matrix x for the cases H1 and 
H0 are as follows. 
 

                  
                             (3) 
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Where p shows the number of antennas in secondary users. 
There will be a difference in the probability distribution 
functions and variances of the eigenvalues according to the 
active / passive state of the primary user as seen in the 
equations. For the eigenvalue based detection, a decision is 
made between the states H1 and H0 using this difference. 
Equations 3 and 4 'represent the channel coefficient vector. 
There are some channel simulations for digital 
communication systems. The major ones are shown below. 
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2.1. Rayleigh fading channel 
 
The Rayleigh distribution is often used to model multi-
path damping (NLOS - Non line of sight) situations (such 
as mobile systems). Rayleigh fading is expressed by the 
following probability density function (PDF-Probability 
Density Function), with the channel amplitude fading [13]: 

 

      
  

 
   ( 

  

 
)                        (5) 

 
Where, the mean-square value of the fading amplitude is 

given as       . In this fading model, the signals are 
independent of each other and reflect to the receiver. 
 

2.2. Nakagami-n fading channel 
 
Nakagami-n distribution is also known as the Rice 
distribution. It is used for modeling propagation paths 
consisting of a strong line of sight (LOS) component and a 
large number of randomly weak components (Figure 2). 
The fading amplitude of the channel is defined by the 
following PDF [13]. 
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Where n is the fading parameter that can take values in the 
range 0 to ∞, and I0 is the first type of zero-order modified 
Bessel function. The Nakagami-n distribution represents 
rayleigh fading in the case n= 0 and non-damping states in 
the case of n =∞. 
 

 
 

Fig-2: LOS-Line of Sight  and NLOS- Non Line of Sight 
Channel 

 

2.3. Nakagami-q(hoyt) fading channel 
 
The Nakagami-q distribution is observed in radio waves 
that are strongly bound to strong ionospheric fading. The 
PDF for the Hoyt distribution is defined as [13]. 
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where q is a fading parameter that can take values in the 
range 0 to 1. 
 

2.4. Nakagami-m fading channel 
 
Nakagami-m fading distribution is commonly used by 
Nakagami to model fading channels. The Nakagami-m 
distribution has the center of the chi-square as follows 
[13]. 
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where m is the fading parameter and Γ (m) is the Gamma 

function and is defined as      ∫          
 

 
. As the 

value of the fading parameter increases, the damping 
intensity decreases. 
 

2.5. Threshold for MME  
 
A decision between the H1 and H0  states in the narrow 
band spectrum detection methods depends on the test 
statistic (TS) and the threshold( ) value. This is 
mathematically defined as follows [12,15,16]; 
 

                                              (9) 

                                            (10) 
 

Where     indicates false alarm probability and    

indicates probability of detection. When calculating the 
threshold value, there is a limit value of 0.1, as determined 
by the 802.11 wireless communication working group, 
and this value should be considered. The threshold value 
should be set to    , ie the probability of false detection. γ 

is the threshold value.  
 

    

    
    

    
   

                             (11) 

 

Where      denotes the largest eigenvalue of the 

covariance matrix of  x, and      denotes the smallest 
eigenvalue. 
 
If the equality is rearranged because the H0 hypothesis is 
valid, the following equation is obtained as follows; 
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                                          (12) 

 
One side of the equation should be imitated to the Tracy-

widom distribution of order 1. Where (√   √ )
 

  should 

be written in place of     . In this case, the following 
equation is obtained. Where n is the number of samples, p 
is the number of antennas in the secondary user. 
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               (13) 

 
Where one side of the equation should be likened to tracy 
widom distribution of erder 1. Tracy-widom distribution 
of order 1 is described below [17]. 
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Where some parameters  defines are as follows. 
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   shows the signal samples received under the H0 

hypothesis, that is, when there is only noise in the channel. 
In order to compare Equation 13 to tracy-widom 
distribution of order 1, the following additions have to be 
made. 
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If survival function is used, the threshold value for MME is 
obtained as follows. 
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Where   

   denotes the tracy-widom distribution of order 
1. this distribution is the probability distribution of the 
largest eigenvalue of the random hermit matrix. The 
specific values for this distribution are given in Table 1. 
 
 
 
 

Tablo -1: Numerical table for tracy widom distribution of 
order 1. 

 

x -3.90 -2.78 -1.27 0.45 2.02 

F1(x) 0.01 0.10 0.50 0.90 0.99 

 

2.6.Threshold for MET 
 
There is a test statistic in the MET method as the ratio of 
the largest eigenvalue of the covariance matrix to the sign 
of the received signal. 
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Where       specifies trace of the received signal. In this 
method, the following equation is obtained if the equation 
is rearranged to obtain the threshold value. 
 

                                         (21) 
 
Here equation 21 must be likened to the Tracy-widom 
distribution of order 1. Thus the threshold value for the 
MET method is defined as follows. 
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Where α and β denote the bevel and variance coefficients 
for the Tracy-widom distribution and are defined as 
follows [9]. 
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3. SIMULATION 
 

In this section, simulation results are given to see the 
success of the proposed methods. MIMO-OFDM based 
communication system is used in simulations. Figure 3 
shows the detection performance of the proposed 
methods against varying SNR values for a 3x3 MIMO 
system (3 receivers, 3 transmit antennas). Pfa = 0.1 (this is 
the limit value allowed by WRAN 802.22 working group). 
In the simulations, the primary user signal and noise 
signal were randomly generated, and each algorithm was 
run 1000 times for monte carlo analysis to obtain the 
average of the detection probability values. Referring to 
Fig. 3, it is seen that the detection performance is the most 
successful for the Rayleigh fading channel for the MME 
method. Nakagami-m and nakagami-n damped channels 
show very close performance to each other. 
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The nakagami-n is used to model propagation paths 
consisting of a fading channel, a strong line of sight (LOS) 
component, and a large number of randomly weak 
components. This usually refers to the communication 
channels from the satellite to the base stations or vice 
versa. On the contrary, rayleigh damping can be shown as 
a communication network in the digital communication 
systems of today with mobile phones and base station or 
vice versa. Because there is no line of sight (LOS) 
component at rayleigh fading. In the simulations, the 
Rayleigh channel at the rate of -9 dB SNR for the MME 
method exhibited a perfectly accurate detection. If the 
noise level increases further, we see that the probability of 
detection is reduced. 
 

 
 

Fig-3: Detection performances in different communication 
channels for the MME method n = 1000, p = 3. 

 
As can be seen, the nakagami-n channel provides a 
detection performance in the middle of the other three 
channels. No additive white gaussian noise (AWGN) 
channel simulations are included in the simulations. The 
reason for this is that the AWGN channel models any faded 
channels. If the simulation results for the AWGN channel 
were in the graphs, it could have the best possible 
perceived performance. However, because the AWGN 
channel does not contain any fading, it is not the preferred 
choice for simulations in digital communication systems. 
 
Performance analysis of the MET based detection method 
in different fading channels is given in Fig 4. Again, as 
shown here, the best sensing performance is presented 
under Rayleigh fading channel. 
 

 
 

Fig-4: Detection performances in different communication 
channels for the MET method n = 1000, p = 3. 

If Figure 3 is compared with Figure 4, it is seen that MME 
method perceives more successfully than MET. In 
addition, MME method is more advantageous than MET in 
terms of cost of calculation. 
 
The performance of the blind spectrum detection methods 
according to the sample length is shown in Fig-4. As it is 
understood from the previous graphs that the most 
successful method is MET, only this method is given for 
the sample length. It is seen here that the probability of 
detection increases with the increasing number of samples 
in direct proportion. In cognitive radio systems, increasing 
the sample length for the relevant frequency to be used as 
an opportunist is also an unwanted condition. This is 
because the increase in the sample length means that the 
number of people who are in the process of perceiving the 
speculum is also increasing. For this to be accurate at least 
the length of the sample is an important point for cognitive 
radio systems. 
 

 
 

Fig-4: Detection performances for different sample 
lengths for the MME  method. 

 
3. CONCLUSIONS 
 
Since the spectrum is a scarce and ending source, using 
this source efficiently is an important point for the future 
of wireless communication systems. Over the last years, 
much work has been done to solve this problem under the 
topic of digital communication. Blind methods for 
spectrum sensing have been highly promising since they 
do not require any prior knowledge for the primary user 
and the noise signal. The success of spectrum sensing 
methods is greatly influenced by the dynamic 
characteristics of the communication environment. The 
channel modelling techniques and methods already used 
for digital communication are still among the over-worked 
topics. For this reason, the performance of the spectrum 
sensing methods using the greatest -minimum eigenvalue 
and the largest eigenvalue-ratio is investigated in this 
study. In simulations, MME and MET methods offered the 
best performance on rayleigh damped channel. 
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